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[57) ABSTRACT

In a computer in which an instruction 1s prefetched in a

~ buffer, a prefetching queue control system includes a

memory for prestoring an instruction sequence which is
to be executed for a time interval before an instruction
at a destination of a branch is supplied when branching
occurs, and a controller for transferring the instruction
sequence to the buffer and executing the transferred
instruction sequence until the instruction at the destina-
tion of the branch is supplied.

2 Claims, 4 Drawing Sheets
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PREFETCHING QUEUE CONTROL SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to a prefetching queue
control system for controlling a buffer or a prefetching
queue for storing prefetched instructions in a computer
in which, in parallel to the execution of one instruction,
a subsequent instruction is stored in the buffer prior to
the execution thereof, i.e., so-called prefetching is per-
formed.

Recently, computers increasingly are using a pre-
fetching function in order to increase their processing
speed. For purposes of easier control, most of the con-
ventional computers using a prefetching function are
being controlled so that when branching occurs because
of a branch instruction or an interruption, a prefetching
queue is temporarily emptied, 1.e., prefetched instruc- 20
tions are rendered invalid. Therefore, the execution of
an instruction by a computer is stopped until an instruc-
tion at a branch destination is read out and is stored in
the prefetching queue.

As described above, 1n conventional computers, va-
cant time 1n which execution of an instruction 1s tempo-
rarily stopped is caused when branching occurs. Since
the frequency of occurrence of branching is high in
most programs, the total vacant time 1s inevitably in-
creased.

SUMMARY OF THE INVENTION

It is an object of the present invention to solve such a
conventional problem and provide a prefetching queue
control system for eliminating vacant time in which the
execution of instructions 1s temporarily stopped when
branching occurs in a computer having a prefetching
queue.

According to the present invention, there is provided
a prefetching queue control system in a computer hav-
ing a prefetching function in which in parallel to execu-
tion of a current instruction, a subsequent instruction is
read out from a main memory to the buffer, comprising:
a first storage unit, provided independently of the
buffer, for storing an instruction sequence having a
length equal to at most the length of said buffer, a write
unit for writing an instruction sequence in the first stor-
age unit, a second storage unit for storing the length of
the instruction sequence, and a transfer unit for transfer-
ring the instruction sequence stored in the first storage
unit to the buffer when branching occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a prefetching
queue control system according to an embodiment of
the present invention;

FI1GS. 2 and 3 are views showing the formats of store
instructions for operating the system in FI1G. 1;

F1G. 4 is a flow chart showing an example of process-
Ing in a prior art;

FIG. § is a flow chart for explaining an operation of ¢s
the system in FIG. 1; and

FIG. 61s a flow chart showing an example of process-
ing-in the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An embodiment of the present invention will be de-
scribed in detail below with reference to the accompa-
nying drawings.

FIG. 1 shows a prefetching queue control system
according to the embodiment of the present invention.

Referring to FIG. 1, a plurality of queue registers 1
(FIG. 1 shows four registers as an example), each of
which stores one instruction word, constitute a pre-
fetching queue or a buffer memory. Each queue register
1 stores an output from a selector 2 when a signal 1" 1s

“input to its terminal SET. The terminals SET of the

queue registers 1 are respectively connected to the out-
put terminals of OR gates of gate circuits 3. One input
terminal of each OR gate is connected to the output
terminal of a corresponding AND gate. The other input
terminal of each OR gate is connected to the terminal
FLSH of an execution control unit 19 through a line 9.
One input terminal of the AND gate of each gate circuit
3 1s commonly connected to the terminal ENQ of the
execution control unit 19 through a line 16. The other
input terminal of each AND gate is connected to a
corresponding output terminal of a decoder 22 for de-
coding a count value of a counter 6.

The terminals UP and SET of the counter 6 are re-
spectively connected to the terminal ENQ of the execu-
tion control unit 19 through the line 16 and to the line 9.
In addition, the counter 6 is connected to a length regis-
ter 5, which will be described later. When a signal *“1”
is input to the terminal SET of the counter 6, its con-
tents are replaced with that of the length register 8. The
count value of the counter 6 is decoded by the decoder
22 and 1s used as an element for providing a signal SET
for the queue registers 1.

In the above-descnibed arrangement, the queue regis-
ter 1 can store an output from a corresponding selector
2 when a signal ENQ supplied from the execution con-
trol unit 19 through the line 16 and representing that a
valid instruction has been reached is set at logic “17,
and at the same time, the count value of the counter 6
designates the same queue register 1, or when a signal
FLSH which 1s output from the execution control unit
19 through the line 9 is set at logic “1%. |

The output terminals of the queue registers 1 are
respectively connected to the input terminals of a selec-
tor 8. The selector 8 selects one of the input terminals in
accordance with an output signal from a decoder 23 for
decoding the count value of a counter 7, and outputs the
contents of the queue register 1 connected to the se-
lected input terminal to a decoding unit 18 through an
instruction bus 14. The decoding unit 18 decodes an
instruction supplied through the instruction bus 14, and
supplies the decoded instruction to the execution con-
trol unt 19.

The counter 7 1s incremented by a signal DEQ sup-
plied from the terminal DEQ of the execution control
unit 19 to its terminal UP through a line 15, and is
cleared when a signal FLSH which is supplied to its
terminal CLR through the line 9 is set at logic “1”. The
count value of the counter 7 is decoded by the decoder
23 s0 as to designate one of the inputs to the selector 8
which is to be decoded by the decoding unit 18.

One ihput terminal of each selector 2 is connected to
a bus unit 17, which is connected to a memory (not
shown) through address and data buses 20 and 21,
through a common prefetching bus 13, and receives an
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instruction prefetched from the memory through the
prefetching bus 13.

The other input terminal of each selector 2 is con-
nected to the output terminal of a corresponding one of
transient queue registers 4, which will be descnibed
later, in one-to-one correspondence. The number of
transient queue registers 4 is equal to the number of the
queue registers 1 at most (FIG. 1 shows the same num-
ber thereof, i.e., four). Each selector 2 selects an input
from a corresponding transient queue register 4 or an
input through the prefetching bus 13 depending on
whether the signal FLSH output from the execution
control unit 19 is set at logic *“1”’ or logic “0”.

The plurality (four) of transient queue registers 4
constitute a transient buffer which can store an instruc-
tion sequence of a length equal to the length of the
prefetching queue at most. The input terminals of the
respective transient queue registers 4 are connected to
an internal data bus 1D B of the execution control unit 19
through a common line 10. The terminals SET of the
transient queue registers 4 are respectively connected to
the terminals SET of the execution control unit 19
through different lines 11. Each transient queue register
4 stores data supplied through the line 10 when a signal
“1” is input to its terminal SET.

The input terminal of the length register 5 is con-
nected to the internal data bus IDB of the execution
control unit 19 through the line 10 together with the
input terminals of the respective transient queue regis-
ters 4. The terminal SET of the length register § 1s
connected to one of the terminals SET of the execution
control unit 19. The output terminal of the length regis-
ter 51s connected to the input terminal of the counter 6.

Note that the transient queue registers 4, the length
register 5, and the selectors 2 are not employed in the
prior art, and hence constitute the characteristic feature
of the present invention.

An operation of the system shown in FIG. 1 will be
described below.

When a valid instruction arrives from the memory
(not shown) through the data bus 21, the bus umt 17
supplies the instruction to the prefetching queue con-
sisting of the plurality of queue registers 1 through the
prefetching bus 13, and at the same time, provides sig-
nals to the execution control unit 19. The execution
control unit 19 sets the signal ENQ, which is output
through the line 16, at logic *1”. With this operation,
the prefetched instruction is set in one of the queue
registers 1, which is designated by the current count
value of the counter 6, and at the same time, the counter
6 is incremented. That is, the counter 6 stores data rep-
resenting which queue register 1 will store an instruc-
tion in response to the next signal ENQ.

When the execution control unit 19 1s in a state
wherein it can execute the instruction, the contents of
the queue register 1 designated by the count value of the
counter 7 are read out by the decoding unit 18 through
the selector 8. The decoding unit 18 starts decoding of
the contents readout and the signal DEQ is set at logic

1. With this operation, the counter 7 is incremented. 60

That is, the counter 7 stores data representing one of the
queue registers 1, from which contents are to be read

out and decoded in the next cycle,
- When branching occurs during the execution of the

instruction, the FLSH signal 9 1s set at logic “1”, the 65

value of the length register § is set in the counter 6, and
the counter 7 is cleared. The execution control unit 19
outputs the address of a destination of the branch to the
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memory througi the bus unit 17. However, a considera-
bly long period of time is required for an instruction at
the destination of the branch to arrive from the mem-
ory.

As described above, in the prior art, the execution
control unit 19 and the decoding unit 18 are kept in an
inactive state during this period.

According to the system of the present invention in
FIG. 1, an instruction sequence to be executed when
branching occurs and the length of the instruction se-
quence are respectively prestored in the transient queue
registers 4 and the length register 5.

FIGS. 2 and 3 show instruction formats which are
executed in the execution control unit 19 so as to store
the instruction sequence and the length of the instruc-
tion sequence in the transient queue registers 4 and the
length register § in advance.

When an instruction shown in FIG. 2 is executed, one
of the terminals SET (connected to the lines 11) of the
execution control unit 19 which i1s designated by the
number of a field 101 is set at logic ‘1, and at the same
time, the data of a field 102 is output through the inter-
nal bus IDB. As a result, the data of the field 102 1s
stored in the transient queue register 4 designated by the
field 101.

When an mstruction shown in FIG. 3 1s executed in
the execution control unit 19, a set signal 12 of the
length register § is set at logic “1”, and the contents of
a field 103, i.e., the length of the instruction sequence,
are output to the internal data bus IDB. As a result, the
length of the instruction sequence is stored in the length
register 5. Note that the length register § is reset when
the power source 1s turned on.

When a branch instruction i1s generated, the circuit
shown in FIG. 1 1s operated 1n the following manrier.

When the branch instruction is generated, the FLSH
signal 9 15 set at logic *“1”, the value of the length
counter 8§ is set in the counter 6, and the counter 7 is
cleared. The selectors 2 for selecting input data to the
queue registers 1 select outputs from the corresponding
transient queue registers 4. The FLSH signal 9 serves as
a set signal to the queue registers 1, and the contents of
all the transient queue registers 4 are stored 1n the queue
registers 1.

This operation produces the same effect as storing the
contents of the transient queue registers 4 in the queue
registers 1 by a length designated in the length register
5, and hence these instructions are executed prior to
arrival of the instruction at the destination of the
branch.

FIG. 4 1s a flow chart showing an operation of a
conventional computer without using the present inven-
tion. FIG. 5 1s a flow chart showing a case wherein an
operation equivalent to the operation in FIG. 4 1s per-
formed by the computer according to the embodiment
of the present invention.

In steps 51 and 52 in FIG. §, the instruction sequence
of a process C and its length are respectively stored in
the transient queue registers 4 and the length register 3.
In steps 53 and 54, processes A and B are executed.
When the flow returns to the process A in branch step
56, the instructions of process C set in the transient
queue registers 4 are executed in step 5§, as described
above. The process C is performed by utilizing the
vacant time, i.e., while the instructions of the process A
are supplied to the prefetching queue upon every jump
to the process A. After step 56, the remaining instruc-
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tions of the process C are performed. In step 58, the
length register 3 1s cleared and the process is ended.

As 1s apparent from the comparison between the flow
charts in FIGS. § and 4, since the process C 1s per-
formed unti]l the instruction at the destination of jump
arrives, the instructions in the loop are decreased by one
step in F1G. §, and hence the processing speed becomes
higher than that in FIG. 4.

FIG. 6 shows a case wherein a program test is per-
formed by using the prefetching queue control system
of the present invention.

Referring to FIG. 6, reference symbol 60 is a tested
program including a branch 63.

In steps 61 and 62, an interruption instruction and its
length are prestored in the transient queue registers 4
and the length register 5§ shown in FIG. 1, respectively.
The interruption instruction i1s executed and an analysis
program 64 is called in accordance with the above oper-
ation every time the branch 63 occurs in the tested
program 60.

That 1s, the operation of the tested program 60 can be
variously analyzed without changing the program 60.

As has been described above, according to the pres-
ent invention, a preset instruction is transferred to the
prefetching queue when a branch instruction 1s gener-
ated so that the preset instruction can be executed prior
to execution of an instruction at a destination of the
branch, thereby eliminating vacant time in which exe-
cution of an instruction is temporarily stopped when
branching occurs.

What 15 claimed 1s:

1. A prefetching queue control system for controlling
an operation of prefetching in a computer in which
parallel to execution of a current instruction, a subse-
quent instruction is prefetched, comprising:

a buffer memor:' including a plurality of first registers
each for scoring an instruction in response to a first
set signal;

means for generating said first set signal;

a decoding unit for selecting and decoding an output

from one of said plurality of first registers of said
buffer memory;
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a bus unit, connected to a main memory through
address and data buses, for outputting through a
prefetching bus an instruction prefetched from said
main memory;

first memory means, including a plurality of second
registers of a number equal to at most the number
of said first registers, for prestoring an instruction
sequence which is to be executed by utilizing a time
interval before an instruction at a destination of a
branch is supplied from said main memory in re-
sponse to a branch instruction;

second memory means for prestoring length data of
sald instruction sequence prestored in said first
memory means;

selection means, controlled by a control signal, for
selecting either said instruction supplied through
said prefetching bus or an output from said first
memory means and outputting selected data to said
buffer memory; and

an execution control unit for controlling prestoring
operations of said first and second memory means
respectively to prestore said instruction sequence
and said length data, for controlling execution of an
instruction output from said decoding unit, for
generating said control signal when branching oc-
curs, and for controlling said first set signal gener-
ating means, said selection means, and said decod-
Ing means to transfer said instruction sequence
stored in said first memory means to said buffer
memory as a transferred instruction sequence in
accordance with said length data stored in said
second memory means, to sequentially receive satd
transferred instruction sequence through said de-
coding means, and to execute said transferred in-
struction sequence for a time interval before the
instruction at said destination of said branch is
supplied.

2. A system according to claim 1, wherein said first
set signal generating means includes a counter whose
count value 1s replaced with contents of said second
memory means by the control signal, and a gate circuit
for generating a first set signal on the basis of said count

value of said counter and said control signal.
L » x X "
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